Many species of euphausiids (Euphausiacea, Crustacea) are distinguished by subtle or geographically variable morphological characters, and erroneous identification of euphausiid species may be more frequent than currently acknowledged. DNA barcodes (short DNA sequences that discriminate species and aid in recognition of unknown species) are of use for this group. A 650 bp region of mitochondrial cytochrome oxidase I (mtCOI) was sequenced for 40 species of 10 euphausiid genera: Bentheuphausia, Euphausia, Meganyctiphanes, Nematobrachion, Nematoscelis, Nyctiphanes, Stylocheiron, Tessarabrachion, Thyssanoessa and Thysanopoda. mtCOI sequence variation discriminated all species; pairwise differences averaged 16.4% (range 7 -24%); mean generalized time reversible (GTR) genetic distance was 26.7%. mtCOI reliably identified euphausiid species: variation within species was typically ,1% and GTR distance was typically ,2%. Atlantic and Pacific Ocean populations of Euphausia brevis differed by 13% (GTR genetic distance ¼ 28%) and may deserve status as distinct species. mtCOI gene trees were reconstructed for five genera using maximum parsimony, maximum likelihood and Bayesian algorithms; best-fit models of nucleotide evolution were determined for each genus. The mtCOI gene tree for 20 species of Euphausia reproduced one of three morphologically defined species groups. mtCOI resolved relationships among closely related species of most genera, usually in accord with morphological groupings. A comprehensive DNA barcode database for euphausiids will help ensure accurate species identification, recognition of cryptic species and evaluation of taxonomically meaningful geographic variation.
I N T RO D U C T I O N
Despite decades of sampling the oceans, comprehensive understanding of zooplankton biodiversity has eluded oceanographers. How many species are there? Where are they found? What are their evolutionary histories? We still do not have definitive answers to these questions. The taxonomic expertise required to accurately identify species of the many groups comprising the holozooplankton is increasingly limited and remains geographically fragmented. Generating global views of biodiversity, especially for cosmopolitan or circumglobal species, will require coordinated efforts in sample collection and analysis. Even so, many opportunities remain for inconsistency and error in species identification. For zooplankton, in particular, the use of ancillary characters for species identification is needed to improve accuracy of the results.
DNA barcodes (i.e. short sequences used for species recognition and discovery) are particularly useful in studies of zooplankton, because the organisms are frequently rare, fragile, small and scattered throughout the pelagic realm. DNA-based methods can be used to identify species, count their numbers and trace their transport in ocean currents. Molecular characters are useful to provide additional information for addressing fundamental questions of species diversity and distribution.
The euphausiids (Crustacea, Euphausiacea) comprise some 86 species in 11 genera (Brinton et al., 1999) . All species are planktonic and exclusively marine. Euphausiids are among the most ecologically important groups in zooplankton assemblages of all the world's oceans, and some species are the dominant biomass in some ocean regions over various periods. Euphausiid species occupy pivotal positions in the trophic web of pelagic zones in the ocean (Mauchline, 1980) . Taxonomic identification of euphausiids is not considered to be particularly exacting and the systematics of the taxon would appear to be relatively well determined. However, there are few expert taxonomists and misidentifications do creep into the ecological and taxonomic literature. DNA-based taxonomic characters will be useful to ensure accurate species identifications. In addition, the genetic cohesiveness and taxonomic integrity of species with widespread or disjunct geographical distributions can be evaluated using DNA sequence data.
Several euphausiid genera include only one species. The monospecific genus Bentheuphausia is considered to reflect a primitive form within the order, with eight pairs of unmodified thoracic appendages (Brinton et al., 1999) . Meganyctiphanes comprises only the single species, M. norvegica, the largest and most abundant euphausiid species in the N. Atlantic (Mauchline, 1980) . Tessarabrachion includes only T. oculatum, found only in the N. Pacific Ocean (Brinton, 1962a) .
For genera with more than one species, species groups have been described based on morphological, ecological, life history and biogeographical characters (Brinton et al., 1999) . Some characters (i.e. modification and reduction of the thoracic appendages) have explicit hypotheses tracing their evolution from ancestral to derived states. Other characters (i.e. eye shape) may be subject to natural selection driven by environmental conditions and convergent evolution. A number of characters (i.e. biogeographical range and vertical distribution) may have complex underlying causes. Thus, it is currently unknown whether the groups represent evolutionary lineages or are merely taxonomic and/or ecological assemblages.
Three genera (Nematobrachion, Nyctiphanes and Pseudeuphausia) each include a single group of species with shared morphology and similar biogeographical distributions. Species groups for the remaining five genera (Brinton et al., 1999) are described here.
Euphausia. With 31 species, Euphausia is the most speciose genus. Twenty-five species are divided into three groups based on the shape of the rostrum and pattern of larval development, with subgroups defined by morphology of the lappet or abdominal segmentation. Another six species are ungrouped.
Nematoscelis. Five of the seven species of Nematoscelis form a natural group based on clear morphological characters (i.e. apical clusters of spines on the second thoracic appendages and spination of the larval telson). A pair of sibling species, N. difficilis and N. megalops (Hansen, 1911) , completes the species list.
Stylocheiron. Two groups of species are usually recognized: the S. longicorne group consisting of seven species with a "false" chela on the third thoracic appendages, and the S. maximum group of three species with true chela (Brinton, 1962a, b; Mauchline and Fisher, 1969) . Two additional species, S. carinatum and S. armatum (although the status of S. armatum is in doubt), may constitute a third, possibly ancestral group.
Thysanoessa. Unusually for euphausiid genera, the 10 species of Thysanoessa have two distinctive eye shapes that are used to define two species groups: three species have round eyes, whereas seven species have bilobed eyes (with the upper lobe smaller). The species groups also differ in biogeographical distribution and structure of the second thoracic appendages.
Thysanopoda. Of the 14 species of Thysanopoda, 10 have been sorted into three groups of species differing in individual size range, vertical distribution and morphology, with another four species ungrouped.
The use of DNA sequences as essential characters for species identification and recognition is becoming increasingly frequent. Often called "DNA barcoding" (Stoeckle, 2003; Schindel and Miller, 2005) , the use of DNA sequences is becoming commonplace to confirm species identifications for taxonomic, ecological and evolutionary studies (Savolainen et al., 2005) . The selection of an appropriate gene or gene portion for DNA barcoding is of critical concern. The DNA sequence should have sufficiently high rates of divergence to resolve differences among even the most closely related species. Yet, there should be low rates of DNA sequence divergence among individuals of the same species.
Mitochondrial cytochrome oxidase I (mtCOI) has been shown to meet both criteria for many animal taxa. A 650 bp region at the start of the gene (Folmer et al., 1994) has been particularly used for species identification and sometimes classification of diverse taxa (Hebert et al., 2003) . A search of the NCBI GenBank molecular database demonstrates that mtCOI is one of the most frequently used genes for ecological and evolutionary studies of animal species. The use of mtCOI sequences as DNA barcodes has proven useful for marine animal species, including copepods (Hill et al., 2001; Bucklin et al., 2003) and other crustaceans (Quan et al., 2001; Vainola et al., 2001; Porter et al., 2005) , fish (Ward et al., 2005) and other groups (Knowlton, 2000; Schander and Willassen, 2005) .
This study provides DNA sequence data that can be used to accurately identify euphausiid species, reveal cryptic species and evaluate the taxonomic significance of geographic variation in widespread species. In addition, we examine the usefulness of mtCOI sequences for evaluating the evolutionary status of species groups for some euphausiid genera (Brinton et al., 1999) . This molecular systematic assessment of 40 euphausiid species affords an opportunity to examine the usefulness of mtCOI DNA barcodes for species recognition in a taxonomically complex and ecologically important group of planktonic organisms.
M E T H O D
Collection, preservation and analysis of zooplankton samples Specimens were obtained from oceanographic research cruises in diverse ocean regions led by the authors and colleagues (Table I) . In many cases, samples were collected by vertically stratified casts of a 1 m 2 Multiple Opening/Closing Net And Environmental Sensing System, MOCNESS (Wiebe et al., 1985) , and specific depth information and ancillary hydrographic data are available. In other cases, zooplankton samples were collected by integrated tows using ring nets; in this case, the maximum tow depth was recorded. Georeference data (i.e. latitude and longitude coordinates) are available for all specimens. All zooplankton samples were preserved immediately in 95% ethyl alcohol; the alcohol was changed once 24 h after collection. Detailed preservation protocols are as previously published (Bucklin, 2000) . Euphausiids were removed from the samples and examined under a dissecting microscope. In order to preserve the DNA, care was taken to avoid heating the sample and to minimize the duration of light exposure. Species were identified using diagnostic morphological characters described in Brinton et al. (Brinton et al., 1999) . Identified specimens were placed in labeled vials. mtCOI sequence analysis DNA was purified from individual euphausiids by phenol extraction and ethanol precipitation (Bucklin, 2000) or using DNA purification kits. A 708 bp region of mtCOI was amplified using consensus primers made according to published sequences (Folmer et al., 1994) :
The PCR protocol was 948C for 1 min, 458C for 2 min and 728C for 3 min, for 40 cycles. DNA sequencing was done by direct sequencing of PCR amplification products, according to published protocols (Bucklin, 2000) . Initial sequencing was carried out on an American Biotechnology, Inc. (ABI) Model 377 Automated DNA Sequencer. More recently, sequencing was done on an ABI Prism 3100 4-capillary Genetic Analyzer. All sequences were checked thoroughly for accurate machine reading.
Complete sequences for three or more individuals were obtained for each species when possible. For four species (Bentheuphausia amblyops, Euphausia americana, E. diomedeae and Nematobrachion sexspinosum), only single specimens were available, and sequences were obtained from three different PCR reactions from each specimen. All mtCOI sequences for each genus were aligned using CLUSTAL X (Thompson et al., 1997) . Levels of variation within and between species were calculated using pairwise percent differences and genetic distances. Multiple alignments, calculation of pairwise distances and GenBank searches were done to confirm the accuracy and validity of the sequences, detect artefactual sequences and pseudogenes and recognize errors in species identification. Additional individuals (up to 10 or more) were analyzed for any species for which mtCOI sequence differences among conspecific individuals exceeded 3% and for two species whose status has been questioned in the taxonomic literature: Nematoscelis atlantica (Ruud, 1936; James, 1973) and Thysanopoda aequalis (Brinton and Gopalakrishnan, 1973) .
One mtCOI sequence, typically the "centric" sequence among those for a given species, was selected as a reference sequence or DNA barcode to be used for identification and recognition of that species. The mtCOI reference sequence was submitted to the National Center for Biotechnology Information (NCBI) GenBank database and can be accessed using the GenBank Accession Number (Table I) . DNA sequence data for eight species of Euphausia were obtained from GenBank ( Jarman et al., 2000) , aligned with DNA sequences from this study, and used for phylogenetic analysis of Euphausia species. Seven species Stylocheiron were sequenced for an additional gene portion, a 330 bp region of mitochondrial cytochrome b (mtCYB), using published primers and protocols (Kocher et al., 1989 The mtCYB sequences were submitted to the NCBI GenBank database and can be accessed using the Accession Numbers: S. abbreviatum (AF371993), S. affine (AF371990), S. carinatum (AF371994), S. elongatum (AF371992), S. longicorne (AF371991) and S. suhmii (AF371995). For this genus, gene trees were reconstructed using both mtCOI and mtCYB gene portions.
The selected mtCOI barcode sequence was used for phylogenetic analysis of species of Euphausia, Nematoscelis, Stylocheiron, Thysanoessa and Thysanopoda. Analyses were done using the maximum parsimony and maximum likelihood algorithms executed in PAUP* (Phylogenetic Analysis using Parsimony) Ver. 4.10b (Swofford, 2002) . Modeltest (Posada and Crandall, 1998 ) was used to select the nucleotide substitution model that best fit the sequence data for each genus. For maximum likelihood analyses in PAUP* (Swofford, 2002) , starting trees were obtained for branch swapping with an heuristic search of 10 random-addition-sequence replicates; all minimal trees were saved; all analyses used six substitution types. Phylogenies were also reconstructed using the maximum likelihood algorithms of MrBayes v3.1 (Huelsenbeck and Ronquist, 2001 ), using the best-fit model of nucleotide evolution for each genus selected by MrModeltest (Nylander, 2004) . Using the hierarchical likelihood ratio tests (hLRTs), the generalized time reversible (GTR) model was selected as the best fit for all genera for both PAUP* and Bayesian analyses. Bayesian analysis was carried out using four simultaneous, completely independent runs of 1 000 000 generations, with sampling every 1000th generation and omitting the first 10 000 generations from analysis, with four chains and a "heat" parameter of 0.5 (Hulsenbeck and Ronquist, 2001 ). All analyses were done both with and without outgroups; the results presented here did not include outgroups. The results of all three phylogenetic analyses are shown on a 50% majority rule consensus tree, with bootstrap values for the PAUP maximum likelihood and maximum parsimony analyses (shown as percentages of 1000 subreplicates) and posterior probabilities for Bayesian analysis (shown as percentages). Further details of phylogenetic analysis for each genus are given in figure legends.
R E S U LT S
mtCOI reference sequences or DNA barcodes were obtained for 40 species of 10 genera (Table I) , including Bentheuphausia (1 species), Euphausia (12 species out of a total of 31), Meganyctiphanes (1 of 1), Nematobrachion (2 of 3), Nematoscelis (6 of 7), Nyctiphanes (1 of 4), Stylocheiron (7 of 12), Tessarabrachion (1 of 1), Thyssanoessa (4 of 10) and Thysanopoda (5 of 14). Pairwise differences in mtCOI sequence between different species of euphausiids ranged from 7% to 24%, with an overall average of 16.4%. The mean genetic distance between species calculated by the GTR model was 26.7% (Table II) .
Differences between mtCOI sequences of the same species were much smaller than those between species and typically ranged from 0% to 2% (Fig. 1) . GTR distances within species averaged 1.7% (Table II) . One species exhibited an exceptionally high level of intraspecific variation: Atlantic and Pacific Ocean specimens of Euphausia brevis differed by 13.1%, with GTR genetic distances averaging 12.8%; variation within each population was similar to other species analyzed (Table II) .
The mtCOI gene trees resolved relationships among some species of each genus. Typically, nodes were less well-supported between more divergent species of each genus. mtCOI gene trees reproduced one of three morphologically-and ecologically defined species groups of Euphausia (Brinton et al., 1999) , in addition to resolution of several pairs of sister taxa (Fig. 2) . Some elements of the morphologically based view of speciation patterns of Nematoscelis were reproduced in the mtCOI gene tree, including the distinctiveness of a putative ancestral sibling species pair (Fig. 3) . mtCOI resolved one clade of three species of Stylocheiron assigned to one morphologically defined group (Brinton et al., 1999) ; several species' relationships were not wellresolved (Fig. 4) . The mtCOI gene tree topologies for species of Thyssanoessa (Fig. 5) and Thysanopoda (Fig. 6 ) each identified sister taxa that did not correspond to previous descriptions of species groups for these genera (Brinton et al., 1999) .
D I S C U S S I O N Variation of mtCOI
The value of mtCOI as a barcode for species recognition is determined by the pattern of variation of the
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DNA sequence in the target taxon. Of particular concern is the relative divergence within and between species. Importantly, euphausiids appear to exhibit low levels of intraspecific variation, with differences between individuals of the same species typically averaging ,1% (Fig. 1) and ,0.020 GTR distances (Table II) . The described levels of intraspecific variation must be Groupings of 25 species were defined by Brinton based on the morphological (rostrum shape and larval morphology) and ecological characters; another six species were not grouped (Brinton et al., 1999) . Species names in dark type are included in the genetic analysis; species names with asterisks (*) indicate DNA sequence data obtained from GenBank ( Jarman et al., 2000) . Molecular analysis of relationships among 20 species was based on a 699 bp region of mtCOI analyzed by maximum likelihood and maximum parsimony.
For maximum likelihood analyses in PAUP* (Swofford, 2002) , starting trees were obtained for branch swapping with an heuristic search of 10 random-addition-sequence replicates; all minimal trees were saved; all analyses used six substitution types. Bayesian analysis was carried out using four simultaneous independent runs of 1 000 000 generations, with sampling every 1000th generation and omitting the first 10 000 generations from analysis; with four chains and a "heat" parameter of 0.5 (Hulsenbeck and Ronquist, 2001 ). Numbers at nodes are (in order left to right): Bayesian posterior probabilities, maximum likelihood bootstrap values of 1000 subreplicates and maximum parsimony bootstrap values of 1000 subreplicates; dashes indicate values less than the consensus value of 50%. The best-fit nucleotide model for both maximum likelihood analyses was GTR with invariable sites and gamma distribution (GTR þ I þ G).
considered preliminary, since a number of species were characterized based on only three specimens-sufficient for a valid barcode, but not sufficient to accurately capture genetic diversity of the species. However, sequencing additional individuals beyond the minimum three specimens used to determine a barcode did not appear to significantly alter the average and range of pairwise sequence differences for a species (Table II) . Low levels of mtCOI sequence difference within euphausiid species have been consistently reported in population genetic studies entailing analysis of numerous individuals, including earlier studies by Bucklin and others, including Meganyctiphanes norvegica (Bucklin et al., 1997; Papetti et al., 2005) , Nematoscelis difficilis (Bucklin et al., 2002) and Stylocheiron elongatum (Bucklin et al., unpublished data) (Table III) . DNA sequences for additional specimens collected across the geographic ranges of additional species are needed to test and validate this result. In some cases, higher levels of intraspecific variation may reflect underlying population structure. For example, T. macrura exhibits mtCOI sequence variation of 1.6% (GTR distance ¼ 1.7%) and also shows intraspecific variation in morphometric characters (Färber-Lorda, 1991 , 1994 .
Sibling and cryptic species
Despite the presence of geological and oceanographic barriers to exchange, a number of warm-water euphausiid species occur in all of the Atlantic, Pacific and Indian Oceans. Brinton (Brinton, 1962b) and others have raised concerns about the genetic cohesiveness and taxonomic identity of widely distributed species, especially those with disjunct distributions. Brinton (Brinton, 1962b) hypothesized that the immense census size of these species may slow evolutionary rates and prevent genetic divergence of geographically isolated populations. Clearly, euphausiid species distributed across multiple ocean basins require careful molecular population genetic and systematic examination. It seems likely that cryptic (i.e. morphologically indistinguishable, but genetically distinct) species will be discovered among geographically widespread euphausiid species. In this study, the warm-water cosmopolitan species, Euphausia brevis, showed exceptional divergence in mtCOI between Atlantic and Pacific populations, a larger difference than between a number of different congeneric species. However, patterns of genetic variation were consistent with other species when the two populations were analyzed separately (Table II) . Whether E. brevis exhibits taxonomically significant geographic variation and/or comprises cryptic species will require detailed examination of specimens collected throughout its geographic range by expert morphological taxonomists, as well as population genetic and molecular systematic analysis using mtCOI and other genes. Fig. 3 . Morphological species groups and mtCOI gene tree for species of Nematoscelis. Species groups are as described by Brinton (Brinton et al., 1999) . The mtCOI gene tree was based on a 652 bp sequence using the best-fit nucleotide model for both maximum likelihood analyses, GTR with gamma distribution (GTR þ G). All other methodological and diagrammatic details are as explained in the legend to Fig. 2 . Fig. 4 . Morphological species groups and mtCOI gene tree for species of Stylocheiron. Species groups were inferred from published descriptions of the species (Mauchline and Fisher, 1969; Casanova, 1984; Brinton et al., 1999) . The mtCOI gene tree for seven species of Stylocheiron was based on a 652 bp region of the gene using the GTR with gamma distribution (GTR þ G) model of nucleotide evolution for both maximum likelihood analyses. The mtCYB gene tree was based on a 316 bp sequence using the GTR with invariable sites (GTR þ I) model. All other methodological and diagrammatic details are as explained in the legend to Fig. 2 .
The broad geographic distributions of many euphausiid species have led to debates in the taxonomic literature about the existence of sibling species. Two of three sibling species of Thysanopoda, T. aequalis and T. obtusifrons, were discriminated by 7.8% mtCOI sequence difference; a third sibling species, T. astylata, has not been analyzed yet. Also, the Atlantic Ocean species, Nematoscelis megalops, differed from its Pacific Ocean sibling species N. difficilis by 6.9% (Bucklin et al., 2002) ; this is among the lowest difference between species, but is well above the typical intraspecific difference of ,2% (Fig. 1) . mtCOI also supported the distinction of another Nematoscelis sibling species pair, N. microps and N. atlantica (11.8% sequence difference). Nematoscelis atlantica was described by Hansen (Hansen, 1910) and supported by morphometric analysis of thorax shape by Ruud (Ruud, 1936) ; the description was later questioned (James, 1973) . This study provides clear support for the genetic distinctiveness of the sibling species.
Species groups
It is an open question whether mtCOI sequence variation will yield new insights into evolutionary relationships of euphausiids and other taxonomic groups, once complete barcode data are available. Multiple genes, including from both mitochondrial and nuclear genomes, will need to be analyzed to provide informative characters to resolve phylogenetic relationships of euphausiids at different taxonomic levels. For euphausiids, mtCOI resolves relationships among the more closely related species within each genus, and can be used to address the question of whether species groups based on morphological, ecological and biogeographical characters (Brinton et al., 1999) represent evolutionary lineages.
Euphausia. mtCOI supported the clustering of six species among the 13 species that Brinton (Brinton et al., 1999) had assigned to Group 1, leaving only E. longirostris outside this group (Fig. 2) . mtCOI appears to support the use of lappets (i.e. small processes extending from the first segment of the first antennae) as both evolutionary and taxonomic characters. The mtCOI gene tree reproduced two species pairings described in an earlier study (Jarman et al., 2000) based on linked mtCOI-mt16S rRNA sequences: E. lucens/E. vallentini and E. longirostris/E. triacantha. The close evolutionary relationship between E. crystallorophias and E. superba, here grouped with E. lamelligera, was also described by Patarnello (Patarnello et al., 1996) . However, mtCOI did not support clustering of species assigned to Groups 2 and 3, and placed within clades several ungrouped species (Brinton et al., 1999) . . Morphological species groups and mtCOI gene tree for species of Thysanopoda. Species groups are as described by Brinton (Brinton et al., 1999) . The mtCOI gene tree was based on a 684 bp region of the gene using the GTR with gamma distribution (GTR þ G) model of nucleotide evolution for both maximum likelihood analyses. All other methodological and diagrammatic details are as explained in the legend to Fig. 2 . Fig. 6 . Morphological species groups and mtCOI gene tree for species of Thysanoessa. Species groups are as described by Brinton (Brinton et al., 1999) . The mtCOI gene tree was based on a 650 bp region of the gene using the GTR with gamma distribution (GTR þ G) model of nucleotide evolution for both maximum likelihood analyses. All other methodological and diagrammatic details are as explained in the legend to Nematoscelis. The mtCOI gene tree resolved the sister taxa, N. difficilis and N. megalops (Fig. 3) , which have been considered as an ancestral sibling species pair (Hansen, 1911) . As discussed above, mtCOI also clearly supports the distinction of N. microps and N. atlantica (Hansen, 1910; Ruud, 1936) .
Stylocheiron. Many morphological characters have been used to infer evolutionary relationships among Stylocheiron species, including structure of the eyes (Brinton, 1962a; Casanova, 1984) , as well as thoracic (Casanova, 1984) and reproductive appendages (Mikkelsen, 1981; Costanzo and Guglielmo, 1991) . The mtCOI and mtCYB gene trees for Stylocheiron resolved a clade with three members of the S. longicorne group defined by Brinton (Brinton et al., 1999) : S. longicorne, S. affine and S. suhmii (Fig. 4) . Stylocheiron maximum and S. abbreviatum were excluded from this clade (Fig. 4) , consistent with Hansen's pairing of these species based on similarity of thoracic appendages (Hansen, 1910) and their placement by Brinton in a distinct species group (Brinton et al., 1999) . The mtCOI gene tree added S. carinatum to the "S. longicorne" group, thus supporting relationships based on the structure of thoracic appendages used by Casanova (Casanova, 1984) , not eye morphology proposed by Brinton (Brinton et al., 1999) .
Thysanoessa. The mtCOI gene tree with four species of Thysanoessa did not support species groups based on eye shape (Brinton et al., 1999) . The round-eyed T. spinifera was identified as a sister taxon to T. longipes, a species with bilobed eyes (Fig. 5) .
Thysanopoda. mtCOI analysis paired and discriminated the sibling species Thysanopoda aequalis and T. obtusifrons (Fig. 6) ; no sequence data are available for the third member of this group, T. astylata. Sister taxa in the mtCOI tree, T. monacantha and T. triscuspidata, were ungrouped by Brinton (Brinton et al., 1999) . mtCOI gene trees are used in this study to present our results and to allow comparison with previously defined species groups within the genera. Further investigation of diverse taxonomic groups and comparison with other genes is needed to evaluate the phylogenetic information contained in the barcode region of mtCOI (DeSalle et al., 2005) . However, mtCOI is unlikely to yield new insights into the evolutionary relationships of euphausiids above the genus level.
DNA barcoding
This study demonstrates that DNA sequence variation of the targeted region of mtCOI is a suitable barcode for euphausiid species, according to the accepted usage of that term (Schindel and Miller, 2005) . Importantly, mtCOI is sufficiently variable to be useful to identify and discriminate even the most closely related of euphausiid species, and also likely to detect genetic divergence of conspecific populations associated with geographic isolation and cryptic speciation. Despite this favorable pattern of variation, there are some valid concerns about using mitochondrial genes to discriminate closely related species that must be kept in mind, including the problem of paraphyly or polyphyly of closely related species in mitochondrial gene trees (Funk and Omland, 2003) .
The low levels of intraspecific variation of euphausiids ensures that species membership can be determined accurately using statistical approaches and algorithms based on distances (Steinke et al., 2005) , likelihood (Matz and Nielsen, 2005) and sequence characters (DeSalle et al., 2005) . Accurate identification will require a comprehensive and complete database, since only those species for which a barcode is already present in a database can be identified using a DNA sequence. If the DNA sequence for the species in question does not occur in the database, BLAST and other sequence similaritybased algorithms will still return a ranked list of the most similar sequence(s). This result may be falsely interpreted as indicating that the unknown sequence has been matched and the species identified. In fact, because mtCOI does not resolve phylogenetic relationships above the genus level for many invertebrate species, a BLAST query cannot be reliably used to classify the unknown into a genus or family. New search algorithms, with minimum threshold levels for "hits", are needed to ensure that DNA barcode data can be used accurately and effectively as an aid to species identification.
In the future, barcodes may provide rapid, automatable protocols for zooplankton species identification. Comprehensive DNA sequence databases and fabrication of DNA microarrays or "chips" will allow molecularly based recognition of known species. Eventually, the molecular protocols may be miniaturized and automated to allow remote detection from oceanographic moorings and platforms. However, new or unknown species will require analysis by an expert taxonomist, who is able to identify and/or describe the species using morphological characters.
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